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STENTED BALLOON PUMP SYSTEM AND the above cardiac assist systems that adjust systemic pres- 

METHOD FOR USING SAME sure to assist a natural heart, these latter patents disclose 

BACKGROUND OF THE INVENTION '^-rt^^^^^^^^'^^Zr^J^^ 

1. Field of the Invenlion 5 cardiac support system that includes one or two valves that 
The present invention relates generally to pumping bal- mounted upstream and downstream of a cyclically 

loons and, more particularly, to temporary cardiac support inflatable pumping balloon synchronized with the cardiac 

systems. cycle. One disclosed embodiment provides assistance to the 

2. Related Art _ left ventricle through the placement of the pumping balloon 
There are a number of medical conditions in which it is ^ jj^^ descending aorta with a balloon valve located distally 

necessary or desirable to aid blood flow in a patient. For relative to the natural heart. The balloons are individually 
example, during the performance of surgical procedures inflated and deflated to directly pump blood. The pumping 
such as certain types of open heart surgery, external means ^^^^^^ ^ peristaltic in nature and operated in phased rela- 
are required to completely assume the blood pumping func- Uonship to the systole and diastole of the natural heart, 
tion of the heart to maintain adequate circulation to body ^ g 4,785,795 discloses a catheter-based, high- 
organs such as the brain and the heart itself. In other frequency intra-arterial cardiac support system that includes 
situations, body organs require blood flow which the body is externally controlled pumping balloon and balloon valve, 
incapable of sufBciently providing due to a failmg, trauma- pimping balloon and valve are positioned in a major 
tized or infarcted heart. j^^ery downstream of a natural heart, and are operated at a 
It has been recognized that in these and other situations, pumping frequency that is at least three times the normal 
it is preferable to have blood pumped in a pulsatile manner, frequency of the heart to directly pump blood. To assist a left 
similar to the pumping action of the nonnal heart. A com- ventricle, for example, the balloon pump is located in the 
mon approach has been to provide cardiac assistance by ascending aorta between the aortic valve and the ostium 
introducing a balloon into the circulatory system, commonly innominate artery. The pumping balloon and valve are 
the thoracic aorta, and causing the balloon to cychcally 25 sequentially operated to pump blood from the left ventricle 
inflate and deflate in some relationship with the rhythm of -^^^ ^j^^ arterial tree. To assist the right ventricle, the 
the patient's heart. Such cardiac assist systems of this type pimping balloon is located in the pulmonary track imme- 
arc commonly used to assist the left ventricle of the heart, diately downstream from the pulmonary valve. The pump- 
which bears the primary responsibility for systemic balloon and valve are sequentially operated to pump 
circulation, and is most frequently in need of assistance. The 30 ^^^^^ f^^^ ^g^t ventricle into the pulmonary trunk. In 
most common configuration of the pumping cycle is the ^^^^ application, the balloon valve is positioned down- 
"counterpulsation" mode, in which the pumping balloon is stream of the pumping balloon; that is, the pumping balloon 
inflated during the diastolic portion of the natural cycle to ^ positioned between the balloon valve and the natural 
increase blood pressure, and deflated during the systoUc ^^^^.^ pulmonary valve. 

portion of the natural cycle to decrease blood pressure and 35 ^though these approaches overcome the above-noted 

resistance to the left ventricle*s natural pumping action. This drawbacks associated with traditional cardiac assist systems 

reduces the load on the left ventricle and raises aortic by direcUy pumping blood to support or replace the pumping 

pressure to increase the blood flow to the coronary and ^ctionof the heart, they too have limits to flieir effectiveness, 

carotid arteries. Unlike conventional pumping balloons, these latter two 

Such cardiac assist systems are commonly used due to the 40 j^pp^oaches operate with the pumping balloon interposed 

Umited trauma associated with their implementation. The between two valves in an otherwise closed region of the 

pumping balloon is generaUy implemented as a coUapsible circulatory system. The valves may be natural or balloon 

structure that can be introduced into any large artery, such as valves, depending on the embodiment of the cardiac support 

a femoral, as part of a standard catheterization procedure. system. The inventor has observed that at times during 

Once introduced into the circulatory system, the pumping 45 ^.^rtain operations of such devices, the surrounding valves 

balloon is guided into a desired location of the circulatory simultaneously occlude the vessel at least momentarily 

system. As such, implementation of cardiac assist pumping ^j^-j^ ^j^^ pumping balloon deflates. Such an occurrence 

balloons generally do not require major thoracic or other- creates temporarily a vacuum within the vessel region. At 

wise invasive surgery. Exemplary conventional cardiac ^^^^ vacuum is sufficient to draw the vessel waUs 

assist systems of this type are disclosed in U.S. Pat. Nos. 50 inward with the deflating pumping balloon. This reduces the 

4,080,958, 4,692,148, 4,077,394, 4,154,227, 4,522,195, effective pumping displacement of the pumping baUoon, 

4,407,271 and 4,697,574, the disclosures of which are thereby reducing the overall effectiveness of these cardiac 

hereby incorporated by reference herein in their entirety. support systems. 

U.S. Pat. Nos. 5,820,542 and 5,827,171 disclose various SUMMARY OF THE INVENTION 

complex designs for intravascular circulatory assist devices ss ..... u n o„.f.«. 

involving a pumping membrane such as an inflatable The present invention is a stented baUoon pump system 

balloon disposed within an expandable housing structure and method for using the same. Apparatus embodiments of 

such as another balloon. The pumping membrane thus the present invention include a catheter-mounted pumping 

divides the outer housing into an intermediate control cham- balloon configured to be posiUoned within a desired body 

ber and an interior pumping chamber. Injection and evacu- 60 passageway to propel; that is, pump directly a fluid through 

ation of a controVfluid into the control chamber deflates the body passageway. In accordance with the present 

(pumps) and inflates (refills) the pumping chamber. Expand- invention, a stent is deployed within the body passageway, 

able and collapsible stents are disclosed as one mechanism Such direct pumping activity apphes radial forces to the 

to expand and retain the control chamber in its maximum surrounding vessel which are substantially greater than those 

dimension while control fluid is withdrawn. 65 provided by conventional systems that adjust systemic pres- 

U S Pat Nos 4 902 272 and 4,785,795 represent impor- sure. A pumping balloon subsequently deployed withm the 

tant advances in the arl of cardiac support systems. Unlike stent such that the stent is interposed between the pumping 
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balloon and the body passageway within which the pumping FIG. 3Ais a cross-secaonal view of a further embodunent 

baUoon is operatively positioned. Hie stent substantially of the balloon pump and stent of the present mventaon; and 

limits the compliance of the body passageway in the vicinity pio. 3B is a cross-sectional view of a still further embodi- 

of the pumping balloon, preventing the passageway from [^jq, tj^e balloon pump and stent, 
significantly expanding or contracting in response to forces 5 

generated by inflation and deflation of the pumping balloon. DETAILED DESCRIPTION 

As a result, a volume of fluid substantially equivalent to a , ... . 1 ^ t,allnnn 

change in volume of the pumping balloon is displaced when As noted, although commonly used, ^^uc ^^^f 

the ptmping baUoon is inflated or deflated. Method embodi- systems that adjust systemic pressure P^^^f « /'^^''^^ P^P' 

menu of the present invention include reducing the com- mg asststance to the natural heart. Recent advances in 

Siance of a body passageway through the surgical or parUcular the direct pump support systems disclosed m U.S^ 

nercutaneous deployiSent of a stent suitable for the selected Pat. Nos. 4,902,272 and 4,785,795, provide direct blood 

rodTpasiS^ S^nip^^^ balloon is subsequently pumping support. Although not a significant contribuUng or 

deployed so as to be operatively positioned within the body recognized problem m pre^re-adjusUng card^= jssi^t 
pa^ ageway in which the stent is located. The pumping ,s systems, vessel compliance adversely affects the efiiciency 

bdloonl operated to pump fluid in a desired direction of direct pumping systems. In such cardiac systems, the 

the boS passageway Significanfly, by limiting the vessel may be constncted due to the v^sel waU adhering to 

Siance of the selected body passageway, the present a rapidly deflating pumpmg bafloon. Tbis reduces the vol- 

passive or active valves controlled in the same or chfferent ^^ ^^^^ ^.^^ Additional causes may include 

manner than the P^^P'"^ ^albon. For exam^^^^^^ thebafloon ,5 J ^^^^^ accumulation of atherosclerotic plaques 

pump and va ves, if any may be controUed flmdicaUy conditions which reduce vessel compliance in the 

through a multi- umenca he^er or patients receiving these conventional treatments. Despite the 

such as through electncal,electro.mechamcaI or mechanical P significance attributed to vessel compliance 

, means. Certain embodunents inchide an extiacorporeal con- ™a g determined that vessel compli- 

troller operatively coupled to cathe er for controllmg 30 J^^^ jfl,^^ 

inflation and deflatioi, of the P/^P'^f.^^""""/"'^.'" =f direct blood pump systems despite the onset of such con- 

the extension and collapse of the acUve valves, if any. llie uiu i< y 7 

stent may be a permanent stent and has a length sufficient to diUons. . . . . . , , ^ u,ii^„„ 

surround' at least the pumping balloon. In alternative The present invention is directed to ^ stented balloon 

embodiments, the stent may also enclose one or two valves. 35 pump system and method for using the same. Generally, the 

.p balloon pump system includes a catheter-mounted pumpmg 

Various aspects and embodiments of the present invention balloon constructed and arranged to be positioned within a 

provide certain advantages. Not aU aspects and embodi- desired body passageway A stent suitable for ^le selected 

menfof the invent^ share the same advantages and those body passageway is surgically or percutaneously deployed 

Sat do may not share them under all drcun^tances. This « prior to or with the pumpmg ballooninto the selected desired 

?e^g saTd emboSents of the present invention provide region of the body passageway. The pumpmg balloon is 

numfrrus\dvantt^^ including'the noted advanUge of -''-.'>-°«y.f,tTe ,1^^^^^^^^ 

Umitine the adverse effect of vessel compliance on pumping positioned withm the stent, that is the stent is interposed 

baTon LSiut and efiiciency. Further feat^s and between the baUoon pump and the body passageway wito 

advantagrs^f fl^e present invention as well as the structure 45 which the balloon pump ^ opera ive y positioned. THe stent 

nd oSa ioo of vaTus aspects and embodiments of the is constructed so as to substantiaUy limit the compliance of 

Jrlnt nvrntion are described in detail below with refer- the selected body passageway region, prevenUng the pas- 

pic^^iji iiiYviitAwii sagewav walls in the vicinity of the pumping balloon trom 

ence to the accompanying drawings. gnS^^^^^^ or contracting in Lponse to forces 

BRIEF DESCRIPTION OF THE DRAWINGS generated by inflation and deflaUon of the pumping balloon. 

The present invention is pointed out with particularity in As a result, a volume of fluid substantiafly equivalent to a 

the appended claims. The above and further advantages of change in volume of the pumping balloon is displaced 

this invention may be better understood by refeaing to the during each pumping balloon inflation/deflation cycle. The 

following description when taken in conjunction with the balloon pump system of the present invention thereby pro- 

accompanying drawings, in which like reference numerals 55 vides for efficient direct pumping of a fluid through the body 

designate like elements. In the drawings, dimensions such as passageway. The substantial elimination of the counterpro- 

thickness have been exaggerated in the interest of clarity. In ductive phenomena associated with vessel comphance 

the drawings: therefore represents a significant advance in the art. In 

FIG 1 is a schematic view of one embodiment of the particular, when implemented as a cardiac support system 

balloon pump system of the present invention implemented for direcUy pumping blood, the present invention represents 

as a cardiac support system located in the ascending aorta to a potentially dramatic positive impact on medical assistance 

provide direct, extracoiporealy controlled blood pumping which can be provided to body organs mcluding but not 

assistance to a left ventricle of a natural heart. limited to a failing, traumatized or mfarcted heart, or to 

FIG 2A is a cross-sectional view of one embodiment of maintain adequate circulation durmg the performance of a 

the baUoon pump and stent illustrated in FIG. 1; 65 surgical procedure. . , . , . • 

HG 2B is a cross-sectional view of an alternative As will become apparent from the following description, 

embodiment of the balloon pump and stent; the present invention may be used m any body passageway. 
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Thus as used herein, "body passagewa/^ means pertaining introduced into the body via a blood vessel such as subcla- 
to composed of, or provided with arteries, veins and other vian artery 158. As noted, in other applicaUons, catheter 110 
vessels, ducts, etc., which convey blood, lymph, gas or other may be introduced into the body via other blood vessels such 
fluids. Vor ease of description, the present invention is the femoral artery. In alternative embodiments, control drive 
described primarily with respect to a cardiac support balloon s mechanism 112 may be located within the body. In such 
pump system deployed within the circulatory system for embodiments, catheter 110 need not extend outside the body, 
assisting circulation due to a failing, traumatized or infarcted Control drive mechanism 112 cyclically and individually 
heart, or to assist circulation during the performance of a inflates pumping balloon 106 and, in the illustrative 
surgical procedure. However, it should be understood that embodiment, balloon valve 108, with respect to one another 
the present invention may also be introduced into and ^nd with respect to the diastole and systole of the patient* s 
utiUzed within any other body passageway to assist in the ^^^^^ described in the '795 and, alternatively, the '272 
transport of any fluid therethrough. patent incorporated by reference above. The high frequency 
FIG. 1 is a schematic view of one exemplary embodiment pumping action of balloon pump 102 is timed to increase 
of the balloon pump system of the present invention. In this \j\ood flow towards aortic root 162 during systole and away 
particular illustrative embodiment, the balloon pump system 15 ^^^^^ ^^^^^ ^^^^ i62 during diastole. Preferably, pumping 
is implemented as a cardiac support system located in Walloon 106 pumps with a frequency up to several times that 
ascending aorta 152 between aortic valve 154 and ostium of ^Qti ventricle 150, as described in the *795 patent, 
innominate artery 156 to provide extracorporeal controlled control drive mechanism 112 is generally calibrated 
balloon pumping to assist left ventricle 150. In accordance ^^^^ .^^^^ ^.^^^^ ^^^^^ indicates when the systolic 
with the present invention, and as shown m the exemplary 20 diastolic periods of the patient's heartbeat begin. This 
embodiment of FIG. 1, balloon pump system 100 includes at ^.^^^j ^^^^^^ example, from the R wave of an 
least a catheter-mounted balloon 102 operatively located electrocardiograph, although numerous other approaches 
within a stent 104. In the illustrative embodiments, balloon ^^^^^ ^^^^^ ^^^^ patient^s heartbeat is 
pump 102 includes a pumping balloon 106 and a balloon regulated by a pacemaker, the signals indicative of systolic 
valve 108 operatively located adjacent to pumpmg balloon 25 diastolic periods may be obtained directiy from the 
104. The balloon valve 106 is mounted downstream of pacemaker itself. Further, if obtaining electric timing signals 
pumping balloon 106. As such, pumpmg balloon 106 is ^^^^^ particularly troublesome, signals for the timing 
operatively positioned between aortic valve 154 and balloon ^^^^^^^ ^^.^ ^ obtained from arterial or ven- 
valve 108. Balloon pump 102 is attached to a multi-lumen ^^^^^^^ pressure waveforms or other characteristics indica- 
catheler 110 which is brought outside the body through the 30 ^.^^ nataraX rhythm of the heart. It should be under- 
arterial tree, such as the subclavian artery 158, as shown id ^^^^^ ^^^^ balloon pump 102 may be controlled in any 
FIG, 1 . manner now or later developed to achieve a desired pumping 
In the illustrative embodiment shown in FIG. 1, balloon ^^^^^^ selected body passageway and fluid, and 
pump 102 is preferably a high-frequency baUoon pump therefore, is not described further herein, 
constructed and operated as disclosed in commonly owned 35 ^ ^ accordance with the present invention, pump- 
U.S. Pat. No. 4,785,795 to Singh, the disclosure of which is . ^^^^^ operatively located within a stent 104 
hereby incorporated by reference herem m its entirely. As y . ^ ^^^^^ed location of the body passageway. Stent 
described therein, a high frequency pumpmg balloon is ^^^^^^^ compliance of the wall of the body passageway 
positioned in a major artery immediately adjacent o the ^^^^^^ immediately adjacent to stent 104. This 
heart. As shown in this exemplary embodiment and g^^^^^^^^ially prevents such portions of the vessel wall from 
described in greater detail in the '795 patent, balloon pump ^ contracting in response to forces generated by 
102 is located in the ascending aorta 152 to provide extra- ^^^^^^^ pumping balloon 106. Exemplary 
corporeal controlled balloon pumping to assist left ventricle ^j^^bodiments of balloon pump 102 and stent 104 will now 
150. It should be understood that the present mvention, described with reference to HGS. 2A, 2B, 3A and 3B. 

system For example, embodiments of the cardiac support valve embodiment of the balloon piimp 102 'n 

ZZmmTy be local d in the pulmonary tract immediately FIG. 1. In this lUustrative embodiment, ^^^t has a 

dowr^trTa,^ of the pulmonary valve to assist the right length sufficient to enable.pumpmg balloon 106 ar^d balloon 

veSe as described in the '795 patent. In this so valve 108 to be operatively positioned within its hoEow 

rbodim;nt the catheter is preferably pla<id in the venous bore. FIG. 2B is a cro^-sectional view of an alterna ive 

s^s^m Tead ng out through the right ventricle and superior embodiment of a balloon Pump and stent In this 

vena c'ava and a brachycephalic vein. In an alternative embodiment, the stent has a length sufficient to enable only 

I^odLV the banoo^ pLp may be — d and P^P^^^Zr t^^^^^^^^ ZXt^l^^.l^T. 

S2?2^''Sret'al.:— ^^^^^^^ ato a length suLent J^o enlse both the baUoon 

hereby incorporated by reference in its entirety. In this pump and associated balloon valves. ^ ^. . 

embodiment the baUoon pump is located in the descending FIGS. 3A and 3B iUustratc an alternaUve embodiment ot 

aorta 160 to assist the left ventricle 150. As wiU be described the balloon pump. In these illustrattve embodiments the 

in detail below, in this embodiment the balloon pump 102 is 60 balloon pump includes two baUoon valvesjri the embodi- 

preferably implemented with two valves operatively ment illustrated in FIG. 3A, the stent is sufScienUy long to 

mounted on opposing sides of pumping balloon 106. enable both baUoon valves and the pumping balloon to be 

Referring again to the exemplary embodiment illustrated operatively positioned within its hollow bore. In the embodi- 

in FIG 1 balloon pump 106 and baUoon valve 108 are ment illustrated in FIG. 3B, the stent is only long enough to 

attached to a control drive mechanism 112 via mulU-lumen 65 enable the pumping baUoon to be pos.Uoned ^thm its bore, 

catheter 110. Typically, control drive mechanism 112 is As will be described in detail below, the stent 104 may be 

located outside the body, and multi-lumen cadieter 110 is any stent now or later developed suitable for sufficiently 
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reducing the compliance of the desired body passageway implemented balloon valves may be controlled (active) or 

when subject to forces generated by the pumping baUoon. uncontrolled (passive) baUoon valves and, if acUve may be 

Since there are a myriad of stents which may be used controlled uUliang the same or different means ^an that 

depending on the type and condition of the selected body used to control pump.ng balloon 106. " aspe^^^^^ 
paLagewly, the" strJlctut^ and operation of the balloon 5 the present mvention.pumpmg balloon 102 does not mchide 

pump, the fluid that is transported through the passageway 1' . . „ , . „, ■ „ m*; ,nH halloon 

as wdl as the manner in which the balloon pump is P^P"'^ balloon 106 and balloon 

ontro led, stent 104 is shown schematically in the Figures. valve 108 302, 304 have an outer di^^^^PP;;^^^^^;^ 

' . . ui 1. 11 equal to the inner diameter of selected body passageway 

Pumping balloon 106 may be any suitable balloon pump . g^^^^j ^^^a 152 in FIG. 1). This enables pumping 

now or later developed. In certain preferred embodiments, v ^^^^^^ .^^ ^^j^^ substantially occlude 

the balloons of U.S. Pat. Nos. 4,902,272 and ^^;785,795 are ^^^^^^^^ passageway when fully inflated. For the 

used. Alternatively, the inflatable device tip of U^S. Pat No. ^j^bodiments illustrated in FIGS. 2A and 3A in which the 

4,154,227, the inflatable balloons of U.S. Pat. Nos 4,697, ^^^^ ^^^^^^ ^^^^^^^^ operatively positioned 

574, 5,725,535 and 5,730,698, or the intra-aortic balloon ^^^^ ^^^^^ ^^^^^ ^.^^^^^^ ^^^^^^ ^^j^,^ 

apparatusofU.S.Pat.No.4,692,148maybeiised.Allofthe 15 ^^^^ .^^^^^^^ ^ approximately equal to the inner 

above patents are hereby incorporated by reference herein m (jjameter of stent 104 350 

their entirety. In additional alternative ^"^^odirnen^ p^^^^^ embodiments of the present invention that are imple- 

ing balloon 106 may be any device capable of mflation and ^^^^^^^^ ^^^^^ 

deflationinrespor^etocontrolsystemni.lnthee^^^^^^^ ^-^^^^^.^ JP ^ommerciaUy available 

embodiments set forth herem, control system 112 controls f^^^ Cordis Corporation, an afBliate of Johnson & Johnson; 

the inflaUon and deflation of pumping baUoon 106 by ^^^^^^ ^^.^^^.^H ^^^^.^^ .^^ ^^^^^^ ^^^^^ ^ife 

pumping fluid through multi-lumen catheter UO. Systems, Inc; Medtronic, Inc.; Guidant Corporation or its 

Catheter 110 may contain any appropnate number of affiliate, Advanced Cardiovascular Systems, Inc.; and 

lumens suitable for the intended application, as should be others, may be used. In one particular embodiment, stent 104 

apparent from this disclosure. Refeaing to this single valve ^ ^ substantially cylindrical endoprosthesis device made of 

embodiment illustrated in FIGS. 2A and 2B, the interior of ^.^^ filament such as the stent disclosed in U.S. Pat. No. 

pumping baUoon 106 is connected fluidicaUy to one lumen 5^135^536. In an alternative embodiment, endovascular 

202 of catheter 110 by hole(s) 204. SimUarly, the interior of ^^^^^^ reinforce body passageways, particularly 

balloon valve 108 is connected fluidicaUy to lumen 206 of ^^^^^ vessels may be used. For instance, the reinforcing 

catheter 110 by hole(s) 208. Hole(s) 204 and 208 may be ^^^^^ constructed from a single elongated wire disclosed in 

dimensioned to effectuate inflation and deflation of a desired ^ g 4,856,516, the stent formed of half-round wire 

rapidity. Any appropriate fluid or gas may be used to inflate disclosed in U.S. Pat. No. 5,527,354, the collagen-coaled 

and deflate pumping baUoon 14 and balloon valve 15. In a ^^^^^ disclosed in U.S. Pat. No. 5,693,085, the cylindrical, 

preferred embodiment, however, a low molecular weight gas open-ended intra coronary stent disclosed in U.S. Pat. No. 

such as argon is utilized. In another embodiment, helnim gas 4^969,458, the radiaUy-expandable stent disclosed in U.S. 

may be used as the drive fluid, as disclosed in U.S. Pat. No. p'^^ ' 5,161,547, the balloon-expandable, crush- 

4,785,795. resistance locking stent disclosed in U.S. Pat. Nos. 5,766, 

As shown in FIGS. 3A and 3B, alternative embodiments 239 and 5,733,330, the compressive stent disclosed in U.S. 

of the present invention include two baUoon valves 302, 304 p^t. No. 4,830,003, the intravascular radiallyexpandable 

mounted on a multi-lumen catheter 306. In this embodiment, ^^^^^ disclosed in U.S. Pat. No. 4,886,062, the expandable 

catheter 306 contains three lumens 308, 310, 312 fluidicaUy intraluminal graft disclosed in U.S. Pat. No. 4,776,337, the 

connected to pumping balloon 312, distal balloon valve 304, expandable polymeric stent disclosed in U.S. Pat. No. 5,163, 

and proximal balloon valve 302, respectively, by holes 316, 952^ the stent disclosed in U.S. Pat. No. 5,342,387, the 

314 and 318, respectively. 45 endovascular stent disclosed in U.S. Pat. No. 4,580,568, the 

It should be understood that control system 112 may vascular stent disclosed in U.S. Pat. No. 5,443,498, the 

control the inflation and deflation of pumping balloon 106 vascular prosthesis stent disclosed in U.S. Pat, No. 5,527, 

using other techniques now or later developed. For example, 354, and the self-expanding prosUiesis stent disclosed in 

in alternative embodiments, control system 112 controls U.S. Pat. No. 5,061,275, may be used. It may be desirable to 

pumping balloon 106 via weU known electrical techniques, 50 provide the stent with a thin graft material covering or 

with pumping balloon 106 including the appropriate devices lining, such as thinly woven polyester yams shaped into 

to inflate and deflate balloon pump 106 in response to tubular coverings to form aortic stented grafts of the type 

predetermined electrical control signals. Alternatively, commercially avaUable from Boston Scientific Corporation 

electro-mechanical or mechanical means may be utiUzed. and its affiUate, Meadox Medicols, Inc. The disclosure of all 

In aU of the illustrative embodiments, balloon valves 108 , 55 the above patents are hereby incorporated by reference 

304 and 302 may be constructed and operated in any desired herem in their entirety. 

manner to directly pump fluid through the desired body Stent 104 may be percutaneously deployed mlo the body 

passageway. As noted, in one preferred embodiment, the using any weU known apparatus and technique now or later 

balloon valves are controlled as described in U.S. Pat. No. developed. For instance, U.S. Pat. Nos. 4,950,227, 5,480, 

4 785 795. In another preferred embodiment, the balloon 60 423, 5,163,952, 4,969,458, and 5.037,427 disclose various 

valves are constructed and operated as described in U.S. Pat. stent delivery systems and methods which may be uUlized 

No 4 902,272. In alternative embodiments, balloon valve by the present invention. These and other commercially 

108 may be replaced by any valve known in the art, such as avaUable from the above-noted and other providers may be 

the umbrella-like members disclosed in U.S. Pat, No. 4,407, used. As is weU known in the art, vascular stents are 

271, or the flexible canopy disclosed in U.S. Pat. No. 65 typically deployed in a radially contracted state, and are 

4,785,795. The U.S. Pat. No. 4,407,271 patent is hereby subsequenUy expanded after placement wuhm a desired 

incorporated by reference herein in its entirety. Further, the body passageway. Expansion of the stent is often effected by 
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inflation of an angioplasty balloon or the like within the 2. Itie system of claim 1, wherein said balloon pvmp 

stent, to force radial expansion of the stent until it contacts further comprises: , , , 

and/or adheres to the wall of the body passageway. In one at least one coUapsible and extendable valve operatively 

embodiment of the present invention, pumping balloon 106 coupled to said catheter adjacent to said balloon pump, 

may be inflated within radially contracted stent 104, expand- 5 3. The system of claim 2, wherem said at least one valve 

ing stent 104 until it contacts the inner wall of descending comprises: 

aorta 152 and embeds itself therein. In an alternative ^t least one passive valve. 

embodiment, another baUoon may be used for this purpose. 4, xhe system of claim 2, wherein said at least one valve 

If desired, the above noted stented aortic graft systems can comprises: 

be used, wherein the stent provides a scaffold-like support 10 j^^^ active valve. 

which can be expanded by outward radial pressure provided 5 system of claim 4, further comprising a control 

by a balloon or by virtue of self-expanding shape-memory ^^^^ mechanism for collapsing and extending said balloon 

materials such as nickel titanium alloy formulated to trans- ^^^^p ^^-^j j^^st one valve, wherein said at least one 

form from martensitic to austenitic phase at body ^^^.^^ ^^^^^ ^^^^ g^jjj pumping balloon are independently 

temperature, following delivery by catheter to the desired 15 controllable. 

site. Additionally, the shape-memory materials can be s.Thesystemof claim 4, wherein said catheter comprises 

alloyed for later removal by intraluminal catheter flush with ^ i^^^^ lumen fluidically connected to said at least one active 

cooled saline to induce reversion to a reduced profile at and a second lumen fluidically connected to said 

martensitic phase for ease of withdrawal. It should be pumping balloon, wherein said pumping balloon is cycli- 
understood that any know apparatus or method for deploy- 20 ^^j|y inflatable and deflatable, and said at least one active 

ing the stent and balloon pump suitable for the selected body ^^^^^ ^ cyclically collapsed and extended, by fluid flow 

passageway may be used. through said first lumen and said second lumen, respectively. 

In operation an appropriate stent is percutaneously 7. The system of claim 4, wherein said at least one active 

deployed within a desired region of a selected body valve is adapted to be electrically controlled, 
passageway, the stent having a hollow bore extending Ion- 25 g j^e system of claim 2, wherein said at least one valve 

eitudinally therethiDUgh. A catheter-based balloon pump is is constructed and arranged such that, when fully extended, 

operatively positioned within the hoUow bore of the stent. said at least one valve substantially occludes the desired 

The balloon pump includes a pumping balloon appropriately portion of the body passageway, 

configured for the desired body passageway. The pumping 9. The system of claim 4, further comprismg: 

balloon may also include one or more baUoon valves 30 extracorporeal controller operatively coupled to said 

mounted on the catheter as described above. The balloon catheter, constructed and arranged to control inflation 

pump is cyclically inflated and deflated in a known manner ^^^^j deflation of said pumping balloon and to control 

to pump fluid in a desired direction through the body extension and coflapse of said at least one active valve, 

passageway. 10. The system of claim 2, wherein said stent has a length 

It should be understood that various changes and modi- sufficient to enable said pumping balloon and said at least 

fications of the embodiments shown in the drawings and one valve to be operatively positioned within said hoUow 

described in the specification may be made within the spint bore thereof. 

and scope of the present invention. For example, because u. The system of claim 2, wherem an outer diameter ot 

body p^sageways, including the ascending aorta, vary in said balloon pump and an outer diameter of said at least one 

size from one person to another, one skflled in the art wiU valve are each approximately equal to an mner diameter ot 

recognize that the pumping balloon, balloon valve(s) and said stent. ■ . , a 

stent will necessarily need to be manufactured in a variety of 12. The system of claim 2, wherem said system is adapted 

sizes For instance, while the ascending aorta in most adults for pumping fluid through a major artery downstream with 

is approximately 5.0 centimeters in diameter, other sizes are respect to normal blood flow, of a natural heart, and wtierem 

also common. Accordingly, it is intended that all matter said at least one valve comprises: 

contained in the above description and shown in the accom- ^ first valve, operatively mounted on said catheter adja- 

panying drawings be interpreted in an fllustrativc and not in cent to said balloon pump so as to be positioned 

a limiting sense. The invention is Umited only as defined in downstream of said baUoon pump, 

the following claims and the equivalents thereto. 13. The system of claim 12, wherein said at least one 

What is claimed is: valve further comprises: 

1. A balloon pump system for pumping fluid through a ^ second valve, mounted on said catheter adjacent to said 

body passageway of a patient, comprising: balloon pump so as to be positioned upstream of said 

a substantially cylindrical stent, having a hollow bore balloon pump, 
extending longitudinally therethrough, constructed and 14. An intravascular pumping system lor directly pump- 
arranged to be operatively positioned within a desired ing blood, comprising: 

portion of the body passageway; a substantially cylindrical intravascular stent adapted to 

a catheter configured to be inserted into the body pas- be operatively positioned within a desired portion of a 

sageway; and vessel; and 

a balloon oumo mounted on said catheter, constructed 60 a baUoon pump system comprismg: 

aS aaan^lo be 0^^^ positioned within said a catheter configured to be inserted into the vesse^ 

hollow bore of said stent, said pump being unconnected a balloon pump mounted on said catheter and adapted 

Srse^rrt^^^^^^^^^^^ ^^^'^'^''y P^^^^r'^ said stent, said 

wherein ^^^^^^^^^ -duces compUance of pump being unconnected ^ s^^^^ 

the desired portion of the body passageway, thereby 65 able with respect to said stent and 

mpSg the^^^^^ of said fluid pumping there- a first coUapsible and extendable valve operatively 

through ^ ^ coupled to said catheter adjacent to said balloon 
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pump, said first valve substantially occluding the 21. TTie systena of claim 20, wherein said balloon pump 

vessel when substantially extended, further comprises: 

wherein said stent is constructed and arranged to y^^^^ collapsible and extendable valve opcratively 

substantially limit compliance of a vessel region in coupled to said catheter adjacent to said balloon pump, 

which said balloon pump is located. s 22 The system of claim 21, wherein said at least one 

15. The intravascular pumping system of claim 14, ^^^^^ comprises: 
wherein said catheter comprises: ,^ 

a first lumen fluidically connected to said first valve; and at least one active va^ve. 

a second lumen fluidicaHy connected to said balloon 23. Tlie system of claun 21, wherem said at least one 

pump, 10 valve comprises: 

wherein said first valve and said balloon pump are ^^^^ ^^^^ passive valve. 

cyclically inflatable and deflatable by fluid flow 24. The system of claim 22, wherein said catheter corn- 
through said first and second lumen, respectively. ^^^^^ 

16. Tlie intravascular pumping system of claim 14, ftirther ^ ^^^^^^^ ^^^^ mechanism for coUapsing and extending 
comprising: ^5 said balloon oumo and said valve, wherein said at least 

an extracorporeal controller operatively coupled to said said bauoon pump . , 

catheter, constructed and arranged to control inflation one active valve and said pumping balloon are mde 

and deflation of said balloon pump and to control pendentiy controllable. ^ , 

expansion and contraction of said first valve. 25. The system of claim 22, wherem said catheter com- 

17. The intravascular pumping system of claim 14, prises: 

wherein said first valve is operatively positioned within said ^ ^^^^ ^^^^^ fluidically connected to said at least one 

stent. active valve, and a second lumen fluidically connected 

18. The intravascular pumping system of claim 15, further pumping balloon, and wherein said pumping 
comprising: balloon is cyclically inflatable and deflatable, and said 

a second collapsible and extendable valve mounted on ^^^^^ ^^^.^^ ^^^^^ cyclically collapsed and 

said catheter adjacent to said balloon pump, said sec- extended by fluid flow through said first lumen and 

ond valve substantially occluding the vessel when ^^.^ ^ ^^^^^^ respectively, 

substantially expanded, 26 The system of claim 21, wherein said at least one 

wherein said catheter further comprises a third lumen ^^^^^ ^ constructed and arranged such that, when extended 

operatively coupled to said second valve. substantially occludes the 

19. A method for pumping fluid through a vessel, com- ^ed'ortton of the body passageway. 
'Tpositioning a substantiaUy cylindrical stent having a 27. T^e system of claim 22, further comprising: 

^ hoTlorbo're extending longitudinally therethrough an extracorporeal controller operatively coupled to aid 

within a desired portion of the vessel, thereby substan- 35 catheter, constructed and arranged to control intlatioi^ 

tiallv limiting compliance of said desired portion of the and deflation of said pumping balloon and to control 

ygg^j. extension and coflapse of said at least one active valve. 

b) after step a), positioning a balloon pump within said 28. The system of claim 21, wherein said stent has a 
hollow bore of said stent; length sufficient to enable said balloon pump and said at 

c) cycUcally inflating and deflating said balloon pump; 40 least one valve to be operatively positioned withm said 
and hollow bore thereof. 

d) preventing said portion of the vessel from significantly 29. The system of claim 21, wherein an outer diameter of 
expanding and contracting in response to inflation and said balloon pump and an outer diameter of said at least one 
deflation, respectively, of said balloon pump. valve are each approximately equal to an inner diameter of 

20. A balloon pump system for pumping fluid through a 45 said stent. 

body passageway of a patient, comprising: 30. The system of claim 21, wherein said system is 

a substantially crush-resistant locking stent, having a adapted for pumping fluid through a major artery 

hollow bore extending longitudinally therethrough, downstream, with respect to normal blood flow, of a natural 

constructed and arranged to be operatively positioned ^^^^^ ^^^^ wherein said at least one valve comprises: 

within a desired portion of the body passageway; 50 ^ ^^^^^^ operatively mounted on said catheter adja- 

a catheter configured to be inserted into the passageway; ^^^^ J^. ^ baUoon pump so as to be positioned 

and downstream of said baUoon pump, 

a balloon pump, mounted on said catheter, constructed system of claim 30, wherem said at least one 

and arranged to be operatively positioned within said ^^^^^ ^^^^^ comprises: 

hollow bore of said stent, said pump ^emg unconnected ^ 

to and seoaralelv posiUonable with respect to said stent, a seconu vdivc, uiuunn^u , , „f 

Xein L[d si? substantially reduces compHance of balloon pump so as to be positioned upstream of said 

the desired portion of the body passageway, thereby balloon pump, 

improving the efBciencyofsaid fluid pumping there- ***** 
through. 
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!-identified patent and that said Letters Patent is 


iSftads "A pumping balloon subsequently" should read - A pumping balloon 

is subsequently -- 

SSSteads "balloon pump and stent. In" should read - baUoon pump and stent. In - 
Line 56, reads "the stent with" should read - the stent 350 with - 
Line 61, reads "the stent is" should read - the stent 352 is - 

Column 7, ^ . „ -.on 

Line 43, reads "balloon 312," should read -- baUoon 320, -- 

Une 62 re ads "said pump being" should read - said pump and catheter being - 
Une 65, reads "passage ^y, thereby improving the efficiency of said fluid pumping 
there-through." should read - passageway. -- 

S^ads "pump and outer diameter of should read - pump and said at least one 
valve are where extended approximately -- 

SlSv^ads "positioning a substantially" should read - positioning within a desired 

E"f3r[eads '^^^^^^^^ a desired portion of the vessel, thereby" should read - thereby - 
lZ 38, reads "balloon pump within said" should read - balloon pump to a desired 

SfS^'d^t' d) preventing said portion" Should read .- and wherein 
SS? r:"p being unconnected" should read - pump and said catheter 

Lin?58, reads "passageway, thUy improving the efficiency of said fluid pumping 
there-through, should read - passageway. - 
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